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Langerhans-cell-enriched epidermal cell preparations, 
when pulsed with antigen, can induce proliferative re-
sponses, in immune T cells, that are of the same magni-
tude as those induced by antigen-pulsed macrophages. 
Additionally, these cells bear surface receptors for Fe 
and C3b and display on their cell surfaces determinants 
encoded by genes of the I region of the major histocom-
patibility complex. Histological studies have implicated 
Langerhans cells in cell-mediated immune responses 
such as delayed contact hypersensitivity to 2,4-dinitro-
1-fluorobenzene (DNFB). Langerhans cells play an im-
portant role in the induction of contact sensitivity. When 
murine epidermis that is naturally or artificially de-
pleted of Langerhans cells is painted with DNFB, no 
sensitization occurs. More importantly, animals whose 
initial exposure to DNFB occurs through skin deficient 
in Langerhans cells are unable subsequently to mount 
effective hypersensitivity responses to this agent. We 
therefore believe that Langerhans cells function as pe-
ripheral antigen-presenting cells and that in their ab-
sence the host responds to antigen challenge by becom-
ing specifically unresponsive. 
One of the most intriguing problems in immunology is the 
exploration of the process by which the immune apparatus 
recognizes and responds to antigens. The kind of immune 
response obtained is critically dependent on the route of antigen 
administration. Nowhere is the importance of this factor more 
evident than in models of contact sensitivity. When highly 
reactive substances are applied topically to skin, a strong state 
of specific sensitivity is induced. However, the same compound 
injected intravenously or ingested by mouth produces profound 
specific immunologic unresponsiveness to the eliciting hapten 
[1-4]. Resolution of this paradox requires consideration of the 
mechanism or mechanisms involved in host antigen processing 
when antigen is presented through skin. 
Macher and Chase [5,6], using a ch emical contact sensitivity 
model, have clearly demonstrated an inductive immunologic 
role for skin. They have shown that there is an initial phase 
during which the sensitizing hapten reacts directly with a 
constituent of skin. Although subsequent events in lymph nodes 
are important in processing the signal, interaction between the 
hapten and a skin constituent is required for expression of the 
response. Major histocompatability complex (MHC) products 
and macrophages play a central role in regulation of the immune 
response, especially as regards antigen presentation [7,8]. More 
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importantly, recent studies on contact sensitivity induction 
have also suggested a critical role for macrophages and MHC 
products [9-11]. The elegant transfer experiments of Vadas 
[12,13] have shown that T cells mediating the delayed hyper-
sensitivity response to fowl gamma globulin recognize antigen 
in association with [-region determinants. In light of these 
experiments, it seems likely that the constituent responsible for 
the properties of skin observed by Macher and Chase might be 
macrophage-like cells that bear MHC products. 
Epidermal Langer hans cells resemble macrophages in several 
remarkable respects. Langerhans cells have recently been 
shown to be the only cells within the epidermis that bear Fe 
and C3b receptors [14,15]. Human Langerhans cells bear B cell 
alloantigens on their sw-faces [16], and guinea pig [17] and 
mouse [18] Langerhans cells express Class II gene products (la 
antigens). Although controversy exists, several laboratories 
have recently shown that Langerhans cells are the only cells 
within the epidermis that express cell surface determinants 
encoded by the I region of H-2 [18]. In addition to the remark-
able similarities in surface markers between macrophages and 
Langerhans cells, there are also analogous roles for these 2 cells 
in the initiation of immune responses. Shelley and Juhlin [19] 
have demonstrated that contact allergens applied to skin ac-
cumulate preferentially within Langerhans cells. Recent in vitro 
studies have demonstrated that antigen-pulsed, Langerhans-
cell-enriched epidermal cell preparations can induce prolifera-
tive responses, in immune T cells, that are comparable in 
magnitude to those induced by similarly pulsed macrophages 
[20]. Histological studies have also provided support for an 
immunologic role for Langerhans cells. Frequent close apposi-
tion of lymphocytes to Langerhans cells has been observed at 
sites of contact hypersensitivity reactions [21]. Additionally, 
increased numbers of Langerhans cells have been observed in 
dermal lymphatics and in draining lymph nodes at sites sus-
taining contact hypersensitivity [22]. These observations have 
led to the proposal that Langerhans cells pick up antigen in 
skin and from there move to the draining lymph node, where 
they "present" the antigen to immunologically relevant cells 
[23]. 
We have tested the hypothesis that Langerhans cells are 
critically important in the initiation of contact sensitivity by 
analyzing the degree of sensitivity that results from immuniza-
tion through skin deficient in these cells. We have utilized 2 
observations to study this question: (a) tail skin of mice, unlike 
normal body wall skin, is naturally deficient in Langerhans cells 
[24,25] and (b) ultraviolet light (UVL) treatment of skin tran-
siently depletes it of Langerhans cells [26]. 
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MATERIALS AND METHODS 
Animals 
C57BL/6 mice from The Jackson Laboratory, Bar Harbor, Maine, 
were bred and maintained in our colony. The 2- to 4-mo-old mice were 
age-matched for each experiment and received pelleted food and water 
ad libitum. 
Antigens 
2,4-Dinitro-1-fluorobenzene (DNFB) and 4-ethoxynethylene-2-phen-
lyloxazol-5-one (Oxazalone) were obtained from Sigma Chemical Com-
pany, Saint Louis, Missouri. 
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Sensitization and Elicitation of Contact Sensitivity 
Sites through which mice were sensitized were norma l abdominal 
and dorsal body wall skin; UVL-treated a bdominal waU skin; and tail 
skin. Mice were sensitized to DNFB, i.e., 251-'l of0.5% DNFB in acetone-
olive oil (4:1) were placed on the shaved abdominal skin of recipients 
on day 0 and day 1. Sensitization with Oxazalone was accomplished 
through placement of 25 1-'l of 10% Oxazalone in the above vehicle on 
the abdomen on day 0 and day l. For elicitation of contact sensitivity, 
the ear swelling assay employing painting with the appropriate a ntigen 
on day 5 was used. Ear thickness was quantified with a Mitatoya 
engineer's micrometer as described by Phanupha k et al [3]. The dorsal 
surfaces of the ears were then chaLlenged with either 20 1-'l of 0.2% 
DNFB in acetone-olive oil (4:1) or 20 1-'l of 1% Oxazalone in the same 
vehicle. Later, i.e., 24 and 48 hr after antigen challenge, the degree of 
ear thickness was again measured, and results were expressed in units 
of 10- 4 inches. 
Positive controls consisted of normal mice sensitized on body wall 
skin in the manner described. Negative controls consisted of unsensi-
tized mice whose ears were challenged with the appropriate antigen. 
Each panel (experimental, positive control, and negative control) 
consisted of at least 5 age- and sex-matched animals. (Only 24-hr 
readings were presented in the figUJ·es.) 
Statistical Analysis 
The statistical significance of differences in the means for each 
experimental group was calculated with Student's t-test. Mean differ-
ences were considered significant when p < 0.05. 
Ultraviolet Light: Source and Treatment 
Ultraviolet light was administered with a bank of 3 FS-20 "sun lamp" 
fluorescent tubes (Westinghouse, Pittsbw-gh, Pennsylvania). These 
tubes provided a continuous UV spectrum with a peak at 313 nm and 
high · output in the sunburn spectrum (290 to 320 nm). The tube-to-
target distance was 45 em. The minimal erythemal dose on untanned, 
human skin was 4.0 min, i.e., an output within the erythema range of 
8 X 102 mJ/cm2 sec. 
Langerhans cells were depleted with UVL directed at a 2.5 em by 2.5 
em area of previously shaved abdominal skin on each mouse. This site 
was exposed for 2 min on each of 4 successive days (days -3, -2, -1, and 
0). This dose represented 0.5 minimal erythemal dose in unta nned 
human skin, or 10 mJ/cm2 each day. 
RESULTS 
Is Langerhans Cell Density a Critical Factor in 
Sensitization to DNFB? 
We and others [24] have shown normal murine tail skin to 
have far fewer Langerhans cells than normal abdominal body 
wall skin. Additionally, the Langerhans cell distribution in tail 
skin is nonhomogeneous and forms a gridlike network with very 
low numbers of Langerhans cells in the scales themselves and 
higher numbers in the regions between scales. 
Utilizing this naturally occurring aberration, we investigated 
the relative capacities of tail skin and body wall skin to support 
induction of contact sensitivity. Tail skin did not promote 
sensitization when DNFB was applied, but abdominal wall 
application led to sensitivity (Fig 1) . 
Similar studies were conducted in skin depleted of Langer-
hans cells with UVL. In experiments conducted in our labora-
tory treatment of mouse skin with UVL (4 treatments for 2 min 
at daily intervals for 4 days) resulted in the virtual disappear-
ance of ATPase-positive cells in the epidermis [26]. The abdom-
inal skin of panels of mice were shaved and treated with either 
UVL or incandescent light. After the 4th treatment, mice were 
painted with DNFB as described. The UVL-treated skin, like 
the tail skin, did not promote sensitization when DNFB was 
applied in an immunogenic manner (Fig 2). Incandescent ligh t 
treatment had no discernable effect on sensitization since ap-
plication of DNFB to that skin resulted in strong sensitization. 
These data suggest that a critical concentration of Langerhans 
cells in the skin may be necessa1·y for optimal induction of 
contact sensitivity to DNFB. 
The circumstantial link between surface density of Langer-
hans cells and the ability of skin to permit sensitization was 
strengthened further by studies performed dW"ing a 15-day 
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FIG 1. Role of Langer hans cell density in sensitization to 2,4-dinitro-
1-tluorobenzene (DNFB). Mouse skin was painted with 25 ,ul of 0.5% 
DNFB in carrier on various cutaneous sites on day 0 and day 1. The 
eaT challenge was performed on day 5, and ear swelling was read on 
day 6. Negative controls were not painted, but their ears were chal-
lenged. Bars represent mean swelling for groups of 5 mice ± 1 SEM. 
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~~---~~~--------------~ 
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FIG 2. Effect of ultraviolet light (UVL) skin irradiation on sensit i-
zation to 2 ,4-din~tro-1-fluorobenzene (DNFB). Shaved abdominal wa ll 
skin was exposed to UVL oJ· incandescent light (positive control) for 2 
min for 4 days. Skin was painted with DNFB, and ears were cha llenged 
5 days later. Negative controls received ear challenge only. Bars 
represent mean ear swelling for groups of 5 mice ± 1 SEM. 
recovery period after UVL treatment. Skin treated with UVL 
was painted with DNFB at periodic intervals during the recov-
ery period to determine if sensitization could be achieved. The 
capacity to induce contact sensitivity was lost if the epidermis 
was depleted of Langer hans cells, and the capacity returned as 
Langerhans cell density and structure returned to normal (Fig 
3). Thus, the capacity of mice to sustain induction of sensitivity 
to DNFB was cleru·ly impaired if the antigen was presented 
through skin that was either naturally deficient or artificially 
depleted of Langerhans cells. 
Is Exposure of the Epidermis to DNFB in the Absence of 
Langerhans Cells a Null Event? 
Having observed that skin defi cient in Langerhans cells did 
not provide an adequate inductive environment for develop-
ment of contact sensitivity to DNFB, we investigated whether 
this intervention was perceived immunologically as a null event. 
An alternative hypothesis seemed tenable, namely, that DNFB 
exposure tru·ough skin deficient in Langerhans cells altered the 
kind of immune response obtained. We postulated that expo-
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FIG 3. Recovery of contact sensitivity induction after ultraviolet 
light (UVL) skin irradiation. Panels of mice were treated wi th UVL for 
4 days (see Fig 2). Langerhans cell density was determined on days -4, 
0, 6, and 15. Panels of mice were painted with 2,4-dini tro-1-fiuoroben-
zene on days -4, 0, 6, and 15, and their ears were challenged 5 days after 
sensitization. Bars represent mean eaT swelling for groups of 5 mice ± 
1 SEM. 
sure to DNFB in the absence of Langerhans cells allowed 
systemic dissemination of antigen that, like intravenous admin-
istration of antigen, resulted in a state of immunologic unre-
sponsiveness. To test this possibility, we exposed animals pre-
viously treated with DNFB but "unsensitized" to a 2nd sensi-
tizing application of DNFB on previously untreated dorsal body 
wall skin. Application of DNFB to normal dorsal body wall skin 
resulted in strong sensitization (Table 1) . In contrast, animals 
exposed to DNFB through skin deficient in Langerhans cells 
and subsequently exposed to DNFB through normal dorsal 
body wall skin failed to become sensitized. The degree of 
unresponsiveness achieved was 87.5% for tail skin and 80% for 
UVL-treated skin. If tolerance had in fact been achieved, the 
state of unresponsiveness should have been highly specific. As 
shown in Table II, the unresponsiveness induced was highly 
specific for the hapten used in the initial exposure. 2,4-Dinitro-
1-fluorobenzene-unresponsive animals reacted vigorously to Ox-
azalone. From these experiments, we concluded that the im-
munologic reactivity of these animals was profoundly altered 
by exposure to antigens through skin deficient in Langerhans 
cells. These mice responded to a 2nd immunization as though 
they had been rendered profoundly tolerant by the initial 
exposure. This perturbation of the immune system was highly 
specific for the antigen in question, and phenotypically resem-
bled the state of unresponsiveness or tolerance achieved by 
intravenous injection of haptens. 
DISCUSSION 
Our results indicate that a certain threshold number of Lan-
gerhans cells is essential for induction of contact hypersensitiv-
ity to chemical allergens. Additionally, we have shown that 
animals exposed to chemical allergens through skin with "sub-
threshold" numbers ofLangerhans cells not only fail to become 
sensitized but also become profoundly unresponsive. These 
observations suggest that Langerhans cells enable skin to per-
mit and promote the development of a cell-mediated immune 
response. 
A considerable amount of circumstantial evidence suggests 
that epithelial surfaces can be considered lymphoid organs in 
which antigen-reactive lymphocytes recognize antigen and react 
to it. Andrew and Andrew [27] were the first to report the 
presence of lymphocytes in the epidermis. Although that study 
is difficult to interpret because lymphocyte markers were not 
then available, other studies produced clear-cut evidence for 
the presence oflymphocytes in skin. The "passenger" leukocyte 
experiments of Steinmuller [28,29] and studies on toxic epider-
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TABLE I. Langerhans cell density of DNFB treated shin determines 
subsequent immune responses 
None 
First skin pain ting 
(day 0) 
DNFB on a bdominal 
body wall skin 
DNFB on tail skin 
DNFB on UVL-treated 
body wall skin 
Second skin painting 
(day 14) 
DNFB on dorsal body 
wall skin 
DNFB on dorsal body 
wall skin 
DNFB on dorsal body 
wall skin 
DNFB on dorsal body 
wall skin 
Ear swelling 
response x 10- • 
inches± SEM 
50± 1.8 
60 ± 2.0 
15 ± 0.6 
18 ± 0.7 
Abbreviations: DNFB, 2,4-dinitro-1-fluorobenzene: UVL, ultraviolet 
light. 
TABLE II. Specificity of unresponsiveness 
First skin painting Second skin Ear cha llenge Ear swelling re-
(day 0) pa inting (day 14) agent sponse x 10- < ± (day 20) SEM 
DNFB on tail skin DNFB on DNFB 15 ± 0.6 
dorsal body 
wall skin 
DNFB on tail skin Oxazalone on Oxazalone 68 ± 3.0 
dorsal body 
wall skin 
DNFB on UVL- DNFB on DNFB 18 ± 0.7 
treated body dorsal body 
wall skin wall skin 
DNFB on UVL- Oxazalone on Oxazalone 65 ± 2.4 
treated body dorsal body 
wall skin wall skin 
Abbreviations: DNFB, 2,4 -dinitro-l-fluorobenzene; UVL, ultraviolet 
light. 
mal necrolysis by Streilein and Billingham [30,31] have shown 
that cells from peripheral blood, probably lymphocytes, are 
normally present in skin by identifying the presence of their 
transplantation antigens; these cells are immunocompetent and 
are capable of mounting an immune response when confronted 
by histoincompatable antigens [32,33]. These studies have 
shown that, in the skin, lymphocytes can proliferate and differ-
entiate into cells that can mediate an immune response. The 
notion that antigen presentation can occur in peripheral non-
lymphoid tissues is not new. This concept was first proposed by 
Medawar [34], who hypothesized that peripheral sensitization 
might be a distinguishing mark of all delayed hypersensitivity 
reactions. The precise manner by which this peripheral sensi-
tization occurs remains unknown. 
Macrophages appear to play a key role in the induction of 
most immune responses [7,8]. Evidence gathered in the past 
few years suggests that a macrophage-like cell is involved in 
antigen recognition, immune stimulation, and regulation of 
immune responses in skin. Thomas and Shevach [7] have shown 
that presentation of simple chemical haptens toT cells requires 
macrophages, a requirement analogous to that of macrophages 
for T cell responses to protein antigens. Most of these studies 
on macrophage function have been carried out in vitro because 
it is difficult to eliminate macrophages in vivo and functional 
blockade is possible for only brief times. It is in this regard that 
we believe our studies on Langerhans cells are of special inter-
est. 
By using both naturally occurring and experimental pertur-
bations of Langer hans cell density, we have been able to assign 
a pivotal role to epidermal Langerhans cells in the in vivo 
induction of contact (delayed) hypersensitivity. When these 
macrophage-like cells are present in the epidermis in normal 
numbers, they appear to function as peripheral cutaneous an-
tigen-presenting sentinels, the most distal component of the 
afferent limb of the immune response. However, when their 
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network of widespread dendritic processes is significantly al-
tered, a surprising immune response occurs. Not only is sensi-
tization not possible, but exposure to antigen now results in 
unresponsiveness, an indication that the function of these cells 
might be to ensure that the antigens binding to them are 
perceived as immunogens and not tolerogens. 
Several tissues with extensive epithelial surfaces that con-
front the environment have been shown to be associated with 
the immune system in a special way. The aggregate lymphoid 
tissues beneath the epithelium of the gut (including tonsils, 
Peyer's patches, and appendix) are a functional unit, i.e., gut-
associated lymphoid tissue (GALT [35]) . Many laboratories 
have now documented that this unit, although integrated into 
the total immunologic apparatus, also exists as a unique and 
free-standing entity. Its functional integrity is derived from 
recirculating lymphocytes whose migratory pathways constel-
late between GALT and the systemic circulation. The antigenic 
experiences of the lymphocytes and macro phages of GALT are 
not always shared with the rest of the immune system; the 
effector modalities used by this system are similarly specialized. 
For example, GALT is particularly designed to secrete lgA 
antibodies into the gut lumen. The capacity of lymphocytes, 
"schooled" in GALT, to recirculate continually among the gut-
associated lymphoid masses implies the use of a "recognition" 
mechanism that forces these cells to home correctly; we imagine 
that this recognition mechanism, operating independently from 
antigen, links the wandering lymphocytes to gut epithelium. A 
similar unit linked to the pulmonary system has also been 
identified under the acronym BAL T, for bronchus-associated 
lymphoid tissue [36,37]. 
Streilein [38] has proposed that an analogous axis comprising 
recirculating lymphocytes, resident macrophages, and an in-
ductive microenvironment, exists for skin; he has offered the 
term SALT for the putative skin-associated tissue. A great deal 
of circumstantial evidence supports this idea, especially that 
derived from the peculiar proclivity of malignant human T 
lymphocytes to infiltrate the epidermis. In order for the SALT 
analogy to be viable, it is essential that an inductive microen-
vironment for processing and recognizing antigen be identified 
within skin. It is in this context that our studies on epidermal 
Langerhans cells have particular meaning. We have produced 
strong evidence implicating Langerhans cells in the inductive 
immune episode after cutaneous application of antigen. Pro-
cessing and presentation of haptenic antigens via skin contain-
ing threshold or greater numbers of Langerhans cells impart a 
strong immunogenic signal to in1munocompetent lymphocytes. 
We cannot tell from our data, however, whether this signal is 
received by lymphocytes within skin itself, or within the cll·ain-
ing lymph node. Provisionally, we favor the former possibility 
(Fig 4) since we presume that lymphocytes thus activated must 
learn something about skin that destines their future recircu-
lation path between skin and the systemic circulation. The 
epidermis would seem the ideal site for "schooling". In support 
of this notion, Macher and Chase [6] reported that peripheral 
sensitization of lymphocytes to simple chemicals must occur 
before they reach the draining lymph nodes. . 
If Langerhans cells convert potentially tolerogenic signals 
into immunogenic signals, epidermis deficient in these cells 
might be immunologically vulnerable. We have shown that 
corneal epidermis is completely devoid of Langerhans cells [24] 
and that this tissue does not express !-region antigens [39]. 
Viral particles have been reported to be associated with Lan-
gerhans cells [ 40], and cutaneous viral processing may involve 
these cells. The indolent infection of corneal epithelium caused 
by herpes simplex may be related to the absence of these cells. 
Additionally, Langerhans cells may play a pivotal role in in1-
mune surveillance against skin malignancy. Although studies 
on factors that affect the function of these cells or disturb their 
numbers or distribution are limited, UVL clearly alters their 
function. If Langer hans cells prevent development of tolerance, 
an alteration in their function might explain the association 
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epidermis 
heart 
FIG 4. Schematic representation of a hypothesis of skin-associated 
lymphoid tissue· (SALT) . LC, Langerhans cell ; DC, dendritic cell ; T, T 
lymphocyte. 
between sun exposure and skin cancer [41-43]. Neoantigens on 
the membranes of malignant cells arising in UVL-treated skin 
might be perceived as tolerogens rather than antigens because 
of abnormalities in Langer hans cell number or function. Rather 
than being destroyed by the immune system (as would be 
expected if the "non self" antigens were effectively presented 
immunologically) , these cells would be ignored and perhaps 
protected, i.e., allowed to persist and eventually develop into a 
malignancy. 
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